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SUMMARY 


nie  DMd  for  roMarch  and  racoiMndatlons  about  naps  (short  sloops  tohon 
to  roplaco  rogular  nocturnal  sloop)  in  ordor  to  koop  non  and  voaon  produc- 
tlvo  during  prolmigod  vork  poriods  is  diacusaod  in  tho  contoxt  of  sloop 
nanagoaont.  Sloop  aanagoaont  shovs  hov  to  aaintain  huaan  functioning  by 
pro-plannod  napping  during  a  prolonged  vork  period.  Tho  literature  on 
napping  vas  roviovod  to  analyse  tho  relative  povor  of  tho  four  factors  of 
napping,  (i.o.,  nap  length,  nap  tine,  length  of  prior  sloop  loss,  and  nap 
infrastructure),  in  dotomining  a  nap's  offoctivonoss  to  aaintain  huaan 
porfomanco  coapotonco.  Soao  of  tho  significant  Infomatlon  gaps  revealed 
in  the  nap  literature  are  currently  being  filled  by  nap  studies  vhich  are 
conducted  at  the  Defence  and  Civil  Institute  of  Bnvironaental  Medicine 
(DCIBH)  and.  Independently,  at  the  Naval  Health  Research  Center  (NRRC).  The 
studies  in  these  research  centers  are  described,  shoving  that  a  nap  is 
irvarlably  eftssctlve  in  aaintaining  perforaance  and  aoods  vhen  a  nap  is 
taken  prophylactically  before  degradation  of  perforaance  and  aood  due  to 
sleep  loss  and  fatigue.  These  studies  also  conflmed  that  a  nap  vlll  help 
to  restore  degraded  huaan  functioning.  The  aost  critical  finding  is  in 
conflraing  that  a  brief  period  of  tine  iaaediately  after  avakenlng  froa  a 
nap  is  characterised  by  paradoxical  increases  in  perforaance/aood  deterior¬ 
ation,  that  is  "sleep  inertia."  Men  and  voTCn  need  sone  finite  tine  in 
fully  avakening  froa  sleep,  especially  froa  an  insufficiently  long  nap  taken 
after  severe  sleep  loss.  Because  of  after-effects  of  sleep  Inertia,  naps 
appear  not  to  provide  refreshing  recuperation  froa  fatigue  of  a  prolonged 
vork  period.  Critical  evaluation  of  nap  literature  and  recent  studies  on 
perforaance  and  aood  during  prolonged  vork  periods  has  revealed  several 
unresolved  questions  related  to  sleep  nanageaent.  One  of  the  aost  signifi¬ 
cant  questions  is  hov  short  a  nap  can  be  before  it  loses  its  recuperative 
power.  An  extreaely  short  nap  of  'ne  ainute  or  less  (ultra-short  naps)  has 
been  found  not  to  restore  huaan  functioning.  Since  the  short  and  ultra- 
short  naps  are  aostly  the  types  of  sleep  vhich  will  be  available  for  aen  and 
voaen  during  a  period  of  prolonged  vork,  there  seeas  to  be  the  need  to 
understand  the  recuperative  power  of  short  or  ultra-short  sleep.  The  nature 
of  ultra-short  sleep  over  perforaance  and  aood  is  discussed  on  the  databases 
of  "short  day"  experiaents  and  long  distance  yacht  racing.  Research  studies 
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on  prophylactic  uaa  of  ultra-short  alaap  in  a  prolongad  work  parlod  ara 
proposad  to  proirida  tha  kay  information  on  alaap  nanaganant. 
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1.  INTRODUCTION 

This  chapter  will  focus  on  sleep  management  and  the  usefulness  of  nap¬ 
ping  for  maintaining  and  recovering  function  during  and  after  prolonged 
work.  Sleep  management  is  the  determination  of  how  to  satisfy  sleep  needs 
of  people  who  work  under  demanding  conditions.  Sleep  management  concepts 
have  been  around  for  over  50  years  (44).  Sleep  logistics  is  a  military 
application  of  sleep  management,  which  includes  balancing  the  cost  of  losing 
manpower  during  sleep  against  the  gains  of  increased  alertness  and  compe¬ 
tence  (30,  68).  Napping  is  defined  here  as  short  sleep  periods  (less  than 
SOX  of  an  individual's  average  nocturnal  sleep)  during  the  day  or  night, 
which  are  used  to  replace  rather  than  supplement  normal  nocturnal  sleep. 
The  extent  to  which  partial  or  total  sleep  loss  and  disturbed  sleep  affect 
mood  and  performance  will  not  be  fully  discussed.  Readers  ^^re  referred  to 
many  reviews  that  are  already  available  on  this  topic  (38,  42,  63,  92,  98). 

2.  REVIEW  OF  SLEEP  LITERATURE 

2.1  Partial  Sleep  Deprivation  Studies 

The  first  partial  sleep  deprivation  study  was  conducted  by  May  Smith 
(76)  on  herself.  She  reduced  her  sleep  from  eight  hours  a  night  to  5.5, 
3.5,  and  1.5  hours  over  three  consecutive  nights.  The  Immediate  effect  was 
improvement  in  task  performance.  Decreased  task  performance  occurred  only 
after  a  recovery  sleep.  Smith  suggested  that  usually  untapped  reserves  were 
being  employed  and  exhausted  during  sleep  deprivation. 

Some  other  partial  sleep  deprivation  studies  also  snowed  little  decre¬ 
ment  in  performance  (22,  73,  87,  88).  However,  this  may  relate  to  the  use 
of  insensitive  tests  (83).  Wilkinson  (93)  suggested  that  undemanding  tasks 
of  short  OMration  may  be  insensitive  to  partial  sleep  loss.  The  loss  of  one 
night  of  sleep  usually  has  no  effect  on  the  first  five  minutes  of  tasks  but 
produces  clear  impairment  after  15  to  45  minutes  of  performance  (91,  92). 

More  sensitive  t.'sts  have  shown  impairment  after  partial  sleep  depriva¬ 
tion  (27,  81,  83,  93,  95).  Wilkinson  et  al.  (95),  allowed  subjects  0,  1,  2, 

3.  5,  or  7.5  hours  of  sleep  per  night  on  two  consecutive  nights.  Following 
the  first  night,  subjects  who  were  allowed  two  or  les.<^  hours  of  sleep  shoved 
impaired  performance  on  a  1  hour  test  of  vigilance  and  a  test  of  addition. 
Those  with  three  hours  of  sleep  maintained  baseline  performance  through  the 


follovlng  day.  Hovever,  after  the  second  night,  even  those  subjects  who  had 
slept  for  5  hours  each  night  shoved  impaired  performance. 

In  a  subsequent  study  (27)  subjects  were  permitted  4,  6,  or  7.5  hours  of 
sleep  per  night  over  four  consecutive  nights.  The  subjects  permitted  4 
hours  of  sleep  shoved  impaired  performance  on  both  vigilance  and  addition 
tasks  but  not  on  a  digit  span  memory  task.  A  recent  study  shoved  that  per¬ 
formance  on  a  20  minute  unprepared  simple  reaction  time  task  deteriorated 
after  a  night  vith  4  hours  of  sleep  (83).  Thus,  more  than  4  hours  of 
nocturnal  sleep  is  required  to  maintain  performance  on  some  tasks  but  not 
others. 

Friedmann  et  al.  (22)  had  subjects  gradually  reduce  their  amount  of 
sleep.  Subjects  could  not  maintain  mood  and  task  performance  if  they 
reduced  their  sleep  to  less  than  4-5  hours  per  day.  This  "obligatory  sleep" 
length  vas  the  same  for  long  sleepers  (usually  slept  9  hours  per  night)  as 
for  short  sleepers  (habitually  slept  6  hours).  Thus,  long  sleepers  could 
reduce  their  sleep  by  4  hours  vhile  short  sleepers  could  only  reduce  by  1 
hour. 

It  has  also  been  reported  (39)  that  long  sleepers  do  not  need  additional 
sleep  beyond  their  habitual  nightly  sleep  folloving  36  hours  of  continuous 
vakefulness,  vhile  normal  and  short  sleepers  increase  their  usual  sleep 
lengths  by  25Z  and  33X  respectively.  This  suggests  that  long  sleepers  are 
getting  sleep  beyond  obligatory  sleep,  vhile  short  sleepers  are  getting 
obligatory  sleep  only. 

Hullaney  et  al.  (62)  required  subjects  to  vork  at  four  tasks  repeated 
every  10  minutes  for  42  hours.  This  high  intensity  protocol  produced 
serious  performance  deterioration  and  psychological  changes  after  18  hours 
(at  about  2300h).  This  is  earlier  than  has  generally  been  reported  in 
sleep-loss  studies  (42).  Hovever,  this  study  may  be  limited  by  the  strong 
element  of  monotony  vhich  enhances  sleep  loss  effects  (92). 

Partial  sleep  deprivation  studies  have  also  been  conducted  outside 
laboratory  environments.  Haslam  (33)  conducted  a  9  day  long  tactical  defen¬ 
sive  exercise  in  the  field.  Soldiers  vere  alloved  0,  1.5,  or  3  hours  of 
sleep  each  night,  starting  at  0230h.  A  90  minute  performance  test  battery 
consisting  of  many  short  cognitive  tests  vas  used  to  evaluate  performance 
each  morning.  All  22  subjects  in  the  no-sleep  condition  withdrew  from  the 
exercise  after  the  fourth  night  without  sleep,  while  12  of  23  in  the  1.5 


hour  sleep  group  completed  the  9  day  exercise  as  did  20  of  22  in  the  3  hour 
sleep  group.  However,  the  survivors  in  the  l.S  hour  sleep  group  were 
considered  by  military  observers  to  be  combat  effective  for  6  days,  while 
all  survivors  in  the  3  hour  sleep  group  were  combat  effective  for  9  days. 

Another  field  study  (1)  shoved  that  tank  crews  were  able  to  perform  all 
necessary  military  maneuvers  without  serious  decrements  during  A8  hours 
without  sleep.  An  earlier  laboratory  study  of  a  simulated  driving  task  by 
the  sane  research  agency  (19)  had  shown  significant  deterioration  in  driving 
performance  after  48  hours  without  sleep. 

Close  examination  of  these  field  studies  suggests  that  the  performance 
measures  used  were  sensitive  to  large  deteriorations  in  the  performance  of 
military  actions  but  not  to  more  subtle,  but  potentially  serious,  degrada¬ 
tions.  The  discrepancies  between  the  laboratory  and  field  results 
illustrate  the  dangers  of  extrapolating  laboratory  results  to  field  condi¬ 
tions  and  the  limitations  of  field  research. 

2.2  Na£  Studies 

Research  into  partial  sleep  deprivation  and  performance  has  looked 
primarily  at  the  effects  of  limiting  nocturnal  sleep.  The  beneficial 
effects  of  daytime  naps,  both  in  preventing  mood  and  performance  deterior¬ 
ation  and  in  relieving  it  once  it  has  occurred,  are  less  well  understood. 
The  studies  discussed  in  section  2.1  involved  a  single  continuous  block  of 
sleep  at  night.  Many  sleep  researchers  agree  a  minimum  of  4-5  hours  sleep 
must  be  taken  in  an  uninterrupted  period  to  prevent  impaired  performance. 
The  continuity  theory  of  sleep  postulates  that  continuous  sleep  has  greater 
recuperative  power.  If  sleep  occurs  in  short  pieces  over  a  24  hour  period, 
it  is  much  less  effective,  even  it  total  sleep  time  is  the  same.  The  sleep 
of  patients  with  sleep  disorders  such  as  sleep  apnea  (26),  narcolepsy- 
cataplexy  (12,  61),  and  periodic  movements  in  sleep  (54)  is  fragmented 
These  patients  have  increased  sleepiness  and  behavioral  deficits  during  the 
daytime.  However,  this  may  relate  more  to  their  underlying  pathology  than 
to  a  general  lack  of  benefit  from  naps. 

Using  normal  subjects  Hartley  (28)  compa’.ed  task  performance  of  a  group 
who  had  a  single  4-hour  block  of  sleep  with  a  group  who  had  three  80-minute 
sleep  periods  starting  at  2310h,  0530h,  and  1225h.  Performance  on  a  vigil¬ 
ance  task  administered  once  a  day  at  2100h  was  better  after  the  distributed 
sleep  than  following  continuous  sleep.  However,  there  was  a  shorter  time 
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between  waking  and  testing  in  the  distributed  nap  group  (7.75  vs  16.5 
hours) . 

Hullaney  et  al.  (62)  looked  at  sleep  deprivation  effects  on  a  tracking 
task,  a  visual  pattern  eenory  task,  and  an  addition  task  (all  3  minutes 
long).  All  subjects  had  5  hours  of  sleep  Immediately  before  the  start  of 
the  study.  The  study  lasted  from  OSOOh  of  the  first  day  to  2300h  the  next 
day.  One  group  of  subjects  was  allowed  a  1  hour  sleep  period  every  7  hours 
(6  hours  total).  Another  group  was  allowed  to  sleep  for  6  hours  continu¬ 
ously  (from  2300h  to  OSOOh).  There  was  only  a  nonsigtiif leant  trend  for 
subjects  who  had  continuous  sleep  to  perform  better  during  the  last  half  of 
the  42  hour  study  than  those  who  had  1-hour  sleep  pekiods.  This  paper  does 
not  report  the  sleep  efficiency  (actual  tine  asleep  as  a  percent  of  the  time 
available)  in  the  two  conditions. 

In  a  field  trial  Haslam  (34)  compared  the  effects  of  a  4  hour  early 
morning  nap  (0200h-0600h)  with  four  1-hour  naps  taken  at  0500h-0600h,  llOOh- 
1200h,  1700h-1800h,  and  2300h-2400h.  Subjects  were  awake  for  23  hours 
before  the  4  hour  sleep  or  the  first  nap.  Performance  tests  included  15 
minute  cancellation,  addition,  and  logical  reasoning  tasks,  separated  by  one 
minute  breaks.  Sleep  log  data  showed  that  the  subjects  with  four  1  hour 
naps  slept  less  than  those  in  the  4  hour  continuous  sleep  group.  Despite 
this,  there  were  no  significant  differences  in  task  performance. 

Webb  (64,  85)  observed  performance  over  72  hours  on  many  tests  and 
measures  of  mood  in  groups  which  got:  two  2-hour  naps  (OBOOh-lOOOh)  the 
mornings  of  days  2  and  3;  two  2-hour  midnight  naps  (2200h-2400h)  after  days 
1  and  2;  or  one  4-hour  midnight  nap  (2000h-2400h)  after  day  2.  Looking  at 
the  last  test  session  (2400h-0600h  on  the  third  day),  he  found  that  only  4 
of  13  sleep  deprivation  sensitive  measures  showed  any  differences  between 
the  groups,  and  these  differences  weie  inconsistent.  One  measure  favored 
the  evening  nap  group,  one  the  morning  nap,  one  the  4  hour  nap,  and  one  the 
two  2  hour  naps. 

Dinges  et  al.  (17,  18),  Nicholson  e*-  al.  (69),  Haslam  (34),  and  Taub  et 
al.  (82)  have  shown  that  naps  taken  prior  to  accumulating  sleep  loss  can 
prevent  declines  in  performance  and  mood.  This  suggests  that  the  benefits 
of  sleep  can  be  "stored"  and  dispensed  as  necessary. 

Webb  (84)  reviewed  six  factors  thought  to  be  important  (67)  when  deter¬ 
mining  the  minimal  amount  of  sleep  necessary  to  maintain  human  performance. 
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They  eret  (1)  the  length  of  sleep  deprivation,  (2)  the  length  of  the  nap 
period,  (3)  the  circadian  placement  of  the  nap,  (4)  the  elapsed  time  between 
the  end  of  the  nap  period  and  the  beginning  of  post-nap  performance,  (5)  the 
circadian  tine  of  task  performance,  and  (6)  the  performance  task.  The 
literature  related  to  the  first  four  factors  will  be  reviewed. 

2.2.1  Length  of  Prior  Sleep  Loss  and  Length  of  Nap  Periods 

Woodward  and  Nelson  (100)  suggested  that  increased  amounts  of  sleep  are 

required  for  recovery  from  the  effects  of  increased  periods  \'ithout  sleep 
(see  also  44).  About  6  hours  of  sleep  is  needed  after  a  normal  waking  day 
of  16  hours.  They  speculated  thati  about  12  hours  of  sleep  would  be 
required  following  24  hours  of  continuous  work)  12-14  hour  of  sleep  after 
36-48  hours;  and  2-3  days  of  sleep  following  72  hours  of  work. 

Morgan  and  Coates  (39)  found  that,  after  36  hours  of  work,  2  or  3  hours 
of  rest  restored  performance  to  about  60X  of  baseline,  4  hours  of  rest 
restored  70X,  and  12  hours  restored  lOOX.  Four  hours  of  rest  after  44  hours 
of  work  recovered  only  40X  of  baseline  performance.  The  rest  periods  in 
this  study  included  meals  and  other  activities  as  well  as  sleep,  and  the 
actual  sleep  duration  was  not  stated. 

Wilkinson  (94)  found  that,  following  one  night  of  sleep  loss,  vigilance 
and  addition  performance  recovered  to  acceptable  levels  after  2  hours  of 
sleep  but,  following  two  nights  of  sleep  loss,  3  hours  was  needed.  Rosa, 
Bonnet,  and  Warm  (72)  found  that  after  48  hours  of  continuous  work,  4  hours 
of  sleep  was  required  to  return  reaction  times  to  baseline,  while  after  64 
hours  of  sleep  loss,  a  full  8  hours  of  recovery  sleep  was  necessary. 

2.2.2  Circadian  Placement  of  the  Nap 

When  a  nap  is  taken  during  the  day  may  b  important.  The  circadian 
cycle  is  defined  by  the  24  hour  rhythm  of  body  core  temperature  and  there  is 
an  associated  cycle  in  level  of  alertness.  Studies  have  found  that  naps  at 
various  times  of  day  or  'tight  are  beneficial  for  maintenance  or  recovery  of 
performance,  but,  often,  more  benefit  is  gained  from  afternoon  and  evening 
naps  than  from  morning  naps  (17,  23,  30,  66,  80).  Naitoh  (66)  shoved  that  a 
2  hour  nap  taken  near  the  circadian  nadir  (trough  nap)  in  alertness  (OAOOh- 
0600h)  after  43  hours  awake  had  less  recuperative  power  than  a  nap  taken 
during  the  rising  circadian  phase  (1200h-1400h)  after  S3  hours  awake  (peak 
nap).  Dinges  et  al.  (17)  studied  subjects  during  a  three  day  period  of 
almost  continuous  work.  Subjects  were  allowed  2  hour  naps  at  one  of  two 
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time  periods.  Peek  naps  ware  fron  lS00h-1700h,  and  trough  naps  were  from 
0300h-0500h.  Reaction  tiaes  iaaodiately  upon  awakening  did  not  differ,  but 
performance  on  a  subtraction  task  indicated  greater  cognitive  deficits  after 
trough  naps.  Recently,  Lavie  and  Velar  (SO)  shoved  that  there  was  less 
post-nap  sleepiness  and  mood  deterioration  after  a  2  hour  nap  taken  between 
lS00h-1700h  than  one  taken  between  1900h-2100h. 

Others  have  found  that  2  hour  naps  had  sieilar  benefits  on  a  simple 
reaction  time  task  whether  they  occurred  at  the  circadian  peak  or  trough 
(18).  Vebb  (84)  also  found  no  evidence  that  morning  naps  were  more  benefi¬ 
cial  than  afternoon  naps.  Gillberg  and  Akerstadt  (24,  25)  found  no  differ¬ 
ence  in  morning  performance  between  a  1  hour  nap  taken  at  either  2100h  or 
0430h,  but  their  results  may  be  confounded  by  large  differences  in  time  from 
waking  to  testing  between  the  conditions. 

2.2.3  Sleep  Inertia  and  Nap  Infrastructure 

The  term  sleep  Inertia  refers  to  the  phenomenon  of  inferior  task 
performance  occurring  immediately  after  awakening  from  sleep.  This  was 
documented  in  an  early  study  by  Langdon  and  Hartman  (48).  Reported  dura¬ 
tions  of  sleep  inertia  have  varied  greatly.  Tilley  and  Vilkinson  (83) 
observed  a  marked  residual  awakening  effect,  although  behavioral  testing  was 
delayed  for  half  an  hour  after  awakening.  Earlier,  Vilkinson  and  Stretton 
(97)  speculated  that  the  immediate  effect  of  sudden  awakening  would  dissi¬ 
pate  in  four  minutes.  They  based  this  on  performance  at  night  which  was 
quite  stable  when  the  tests  were  given  4  minutes  post  sudden  awakening.  The 
decrement  measured  when  subjects  were  awakened  during  the  night  was 
explained  as  a  circadian  effect  on  performance  and  not  as  persisting  sleep 
inertia,  but  it  is  unclear  how  one  differentiates  sleep  inertia  from  circa¬ 
dian  influences  on  performance. 

Taub  (80)  found  that  sleep  inertia  was  usually  brief  when  subjects  were 
not  deprived  of  sleep  for  a  long  period  of  tine  but  could  sometimes  be  seen 
for  as  long  as  two  hours  post  sleep.  Labuc  provided  practical  suggestions 
to  shorten  sleep  inertia  (45,  46,  47).  Naitoh  suggests  that  sleep  inertia 
is  most  severe  around  the  circadian  nadir  and  least  severe  near  the  circa¬ 
dian  peak.  At  times  the  recuperative  benefits  of  nap  sleep  might  be  masked 
by  sleep  inertia. 

The  infrastructure  of  a  nap  refers  to  the  organization  of  sleep  stages 
within  the  nap.  The  first  4  hours  of  '  normal  8  hour  sleep  period  is 
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predominantly  Slow  Wave  Sleep  (SVS,  stages  3  and  4  combined)  while  the 
second  4  hours  is  predominantly  Rapid  Bye  Movement  Sleep  (REM)  and  stage  2 
sleep.  The  fact  that  the  minimum  nocturnal  sleep  duration  for  performance 
maintenance  is  4-S  hours  (22,  39)  suggests  that  SVS  may  play  an  Important 
role.  However,  nap  infrastructure  is  not  a  miniature  version  of  the  pattern 
seen  during  the  normal  8  hours  of  nocturnal  sleep.  It  varies  with  nap  dura¬ 
tion,  time-of-day,  and  length  of  prior  wakefulness.  Up  to  a  point,  the 
shorter  the  nap,  the  higher  the  percentage  of  SVS.  Morning  naps  contain  a 
higher  percentage  of  REM  sleep  than  naps  at  any  other  time  of  day.  The 
longer  the  preceding  sleep  loss,  the  greater  the  percentage  of  SVS. 

Some  researchers  have  found  that  certain  sleep  stages  contribute  more  to 
maintenance  and  recovery  of  human  function  than  others.  Dinges  et  al.  (16, 
17)  measured  the  effects  of  2  hour  naps  following  6,  18,  30,  42,  or  52  hours 
of  sleep  loss.  They  found  that  subjects  with  more  SVS  during  the  nap 
performed  worse  on  a  descending  subtraction  task  given  Immediately  after 
sudden  awakening.  Bonnet  (10)  found  that  the  total  amount  of  SVS  plus  REM 
sleep  during  a  night  of  disrupted  sleep  predicted  scores  on  addition,  vigil¬ 
ance,  and  simple  reaction  tine  tests  given  on  the  following  morning. 
However,  experimental  findings  obtained  at  the  NHRC  indicate  that  sleep 
stages  2,  3,  4  and  REM  are  equally  recuperative  (43,  53,  65). 

There  is  less  controversy  over  the  effects  of  the  sleep  stage  from  which 
subjects  are  awakened.  Vebb  and  Agnew  (86)  studied  afternoon  naps  of  non¬ 
sleep  deprived  subjects.  They  found  that  reaction  times  immediately  after 
awakening  were  slowest  following  stage  4  sleep.  Feltin  and  Broughton  (20) 
reported  that  average  decision  time  was  prolonged  after  arousal  from  SVS  but 
not  from  REN  sleep.  Fort  and  Mills  (21)  found  inferior  performances  on  a 
cancellation  task  immediately  after  arousal  from  stage  4  sleep,  with 
improved  performances  following  arousal  from  stage  2  sleep.  Dinges  et  al. 
(16)  used  non-sleep  deprived  subjects  who  were  awakened  from  sleep  by  a 
telephone  bell.  Reaction  times  were  longest  for  subjects  who  were  awakened 
from  stage  4  sleep.  Bonnet  (8)  found  that  short-term  as  well  as  long-term 
memory  was  worse  for  information  learned  after  arousal  from  stage  4  sleep 
than  from  stage  2  sleep.  Other  studies  have  shown  that  reaction  tine  (17, 
74,  75),  vigilance  (21),  sensory  discrimination  threshold  (74,  75),  clock 
reversal  (74),  and  arithmetic  problem  solving  (75)  are  all  worse  shortly 
after  awakening  from  SVS  than  from  REN  or  stage  2  sleep. 
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2.3  Ultrashort  Sleep  Studies 

Ultras.iort  sleep  has  been  defined  as  sleep  periods  less  than  two  hours 
In  duration  (Personal  Commt  ication,  Roger  Broughton).  Laboratory  studies 
on  ultrashrrt  sleep  include  "short  day"  experiments  and  disrupted  sleep 
studies  (10,  13,  14,  49,  52,  55,  60,  89). 

An  early  short  day  study  was  conducted  by  Veitzman,  et.  al.  (89).  They 
imposed  a  sleep-vake  schedule  of  1  hour  sleep  and  2  hours  awake  (i.e.,  a  3 
hour  day)  for  10  calendar  days.  The  results  shoved  that  the  subjects 
reduced  total  sleep  from  7  hours/24  hours  during  the  baseline  sleep  to  about 
4.5  hours/24  hours  even  though  they  were  given  opportunities  for  8  hours 
each  24  hour  period.  Most  of  this  decrease  came  out  of  REM  sleep,  while  the 
least  change  was  observed  in  SVS.  Sleep  efficiency  was  only  56X.  No 
performance  and  mood  data  were  available  in  this  report. 

Carskadon  a.id  Dement  (13)  imposed  a  sleep-vake  schedule  of  30  minutes 
sleep  and  60  minutes  awake  (90  minute  day)  for  5.3  calendar  days.  Total 
sleep  time  was  reduced  from  about  8  hours  to  5  hours  per  day.  Sleepiness, 
as  measured  by  the  Stanford  Sleepiness  Scale,  increased  significantly  during 
the  first  day  of  the  study  but  decreased  almost  to  the  baseline  over  the 
next  four  days. 

Lubin  et  al.  (52)  reported  on  the  effects  of  a  sleep-vake  schedule  of 
60-160  minutes  followed  for  40  hours.  The  authors  stated  that  the  purpose 
of  their  study  was  to  determine  whether  prophylactic  naps  prevented  sleep 
loss  decrements  in  performance  when  subjects  were  deprived  of  normal  noctur¬ 
nal  sleep.  Total  sleep  time  was  reduced  to  6.1  hours/24  hours.  The  napping 
subjects  shoved  significant  impairment  in  short-term  memory  and  sleepiness 
only  near  the  end  of  the  40  hour  period. 

Moses  et  al.  (60)  reported  on  sleep  efficiency  and  percent  sleep  stages 
in  these  subjects  along  with  those  of  Veitzman  et  al.  (89)  and  Carskadon  and 
Dement  (13).  The  ultrashort  sleep  pattern  decreased  sleep  efficiency  in  all 
three  studies.  Sleep  efficiency  fell  from  jreater  than  90%  at  baseline  to 
about  50%.  Percentages  of  stage  1  and  SVS  increased,  and  percentages  of 
stage  2  and  REM  decreased.  During  recovery,  proportions  of  SVS,  RBM,  and 
stage  2  were  similar  to  baseline. 

Bonnet  (1C)  eported  an  experiment  lasting  two  consecutive  nights,  in 
which  groups  jf  subjects  were  awakened  repeatedly:  1  minute  after  each 
onset  of  stage  2  or  REM;  10  minutes  after  each  onset;  or  2.5  hours  after 
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each  onset.  Another  group  remained  avake  for  the  full  64  hours  of  the 
study.  Polygraphic  sleep  recordings  were  obtained  and  subjects  completed  a 
30  minute  Wilkinson  Addition  test,  a  30  minute  Wilkinson  vigilance  test,  and 
a  10  minute  simple  reaction  time  test  each  morning. 

As  expected,  the  total  sleep  loss  condition  produced  greatest  perform¬ 
ance  decrements.  The  1  minute  sleep  condition  caused  the  next  greatest 
decrement,  with  a  level  of  performance  the  morning  after  the  second  night 
similar  to  that  of  the  totally  sleep  deprived  subjects.  The  10  minute  sleep 
subjects  did  somevhat  better,  and  the  2.5  hour  sleep  condition  produced  the 
least  decrement. 

Polygraphic  analysis  shoved  that  subjects  in  lae  1  minute  condition 
slept  4-4.5  hours  out  of  an  available  7  hours,  with  a  sleep  efficiency  of 
67X  and  62%  for  the  first  and  second  nights  respectively.  SWS  and  REM  sleep 
were  essentially  eliminated.  The  subjects  in  the  10  minute  condition  slept 
about  6  hours,  and  those  under  the  2.5  hour  condition  slept  5-5.5  hours. 
Both  had  small  reductions  in  stages  REM  and  SWS.  All  thrte  groups  shoved  a 
significant  rebound  in  SWS  during  the  first  recovery  night  and  a  significant 
rebound  in  REM  sleep  during  the  second  night. 

MaGee,  Harsh,  and  Badia  (55)  also  shoved  a  large  reduction  in  total 
sleep  time,  virtual  elimination  of  SWS,  and  a  great  reduction  of  REM  in 
subjects  alloved  only  1  minute  sleep  periods.  This  vas  reflected  in 
increased  daytime  sleepiness  as  measured  by  the  multiple  sleep  latency  test. 
A  4  minute  sleep  condition  shoved  only  a  small  reduction  in  SWS,  no  change 
in  REH,  and  no  increase  in  daytime  sleepiness.  Other  studies  (8,  9)  have 
shown  that  fragmentation  of  nocturnal  sleep  produces  behavior  impairment. 

A  field  database  on  ultrashort  sleep  has  been  derived  from  Sxampi's 
observations  on  yachtsmen  on  solo  yacht  racing  (78,  79).  The  average  total 
sleep  taken  vas  6.3  hours  per  24  hours.  Most  (68%)  of  the  solo  yachtsmen 
sustained  mean  sleep  lengths  of  10-20  minutes.  Stamp!  found  significant 
correlations  betveen  mean  sleep  length  and  performance:  sailors  vith  the 
shortest  sleep  episodes  finished  highest  in  the  standings. 

2.4  Drugs  as  an  Alternative  to  Ultra-Short  Sleep 

Because  of  current  limitations  in  predicting  hov  a  given  sleep  pattern 
vill  benefit  individuals,  some  researchers  recommend  the  use  of  both  seda¬ 
tives  and  stimulants  in  prolonged  vork  conditions  to  create  a  proper  level 
of  activation.  Seidel  et  al.  (77)  shoved  that  benzodiazepines  might  be 


useful  in  overcoming  rapidly  phase-adjusting  sleepiness.  However,  the  use 
of  drugs  for  maintaining  performance  has  many  problems.  Required  dose 
varies,  as  does  rapidity  and  duration  of  effects.  There  may  be  a  hang-over, 
side-effects,  or  adverse  interactions  between  drugs  or  between  stressors  and 
drugs.  Tolerance  or  dependence  may  develop  after  repeated  drug  use.  A 
serious  drawback  is  that,  once  taken,  little  can  be  done  to  reverse  their 
course  of  action. 

Another  situation  wh^re  the  use  of  hypnotics  and  stimulants  has  been 
suggested  is  for  handling  jet  lag.  Since  we  usually  accumulate  a  consider¬ 
able  amount  of  sleep  loss  before  departure,  people  are  often  advised  to 
sleep  as  much  as  possible  when  traveling  to  distant  destinations  to  reduce 
sleep  debt.  Because  sleeping  during  flight  is  usually  difficult,  a  short¬ 
acting  hypnotic  may  be  recommended.  However,  sleep  loss  is  only  a  part  of 
jet  lag  syndrome. 

Moore-Ede,  Sulzman,  and  Fuller  (56)  described  a  two-oscillators  hypothe¬ 
sis.  One  oscillator  controls  core  temperature  related  circadian  rhythm  and 
another  oscillator  controls  sleep-wake  rhythms.  Circadian  rhythms  in 
performance  appear  to  go  along  with  the  body  temperature.  Sleep-wake 
patterns  can  be  changed  at  any  time,  but  the  temperature  cycle  may  take 
several  days  to  adjust. 

If  an  individual  sleeps  well  while  traveling,  he  may  not  be  sleepy  on 
arrival  but  his  performance  will  still  be  synchronized  to  the  home  base. 
The  break  in  the  natural  coupling  between  the  two  oscillators  can  be  danger¬ 
ous  since  increased  sleepiness  usually  prevents  us  from  working  near  the 
trough  of  performance  efficiency.  Perhaps  a  substance  can  be  found  which 
shifts  temperature  and  performance  cycles  more  quickly. 

There  have  been  recent  efforts  to  use  natural  hypnotic  substances,  such 
as  L-tryptophan,  because  of  the  presumption  that  natural  substances  are 
safe.  However,  L-tryptophan  does  not  naturally  occur  in  doses  large  enough 
to  achieve  hypnotic  effects,  and  the  administrations  of  a  large  dose  of 
L-tryptophan  alone,  without  other  amino-acids,  is  not  necessarily  safe. 

On  the  other  hand,  some  drugs  produce  predictable  behavioral  changes 
which  are  very  useful  for  handling  certain  situations.  Caffeine  is  often 
used  to  overcome  sleepiness  in  prolonged  work.  Sleeping  pills  are  used  to 
overcome  situational  insomnia.  Research  on  drugs  and  natural  substances 
should  be  continued  to  find  optimal  ways  to  use  them.  However,  the  first 
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and  best  solution  is  to  work  out  sleep-vake  cycles  and  appropriate  nap 
schedules.  Only  when  such  schedules  fail  should  the  use  of  drugs  be 
considered. 

3.0  NEW  INFORMATION  ON  NAPPING 

3.1  Defence  and  Civil  Institute  of  Environmental  Medicine  (DCIEM) 
Research 

Background 

As  discussed,  there  are  problems  with  generalizing  laboratory  studies  of 
prolonged  work  periods  to  actual  command  and  control  (C2)  operations.  Per¬ 
formance  degradation  is  highly  dependent  upon  the  types  of  tasks  to  be 
performed  (97).  The  tasks  used  in  laboratory  studies  are  often  not  repre¬ 
sentative  of  operational  tasks.  Testing  is  usually  infrequent,  varying  from 
every  hour  or  two  (3,  57,  58)  to  only  once  per  day  (31,  70).  Abilities  may 
thus  be  overestimated  based  on  short  term  high-energy  expenditures  that 
could  not  be  maintained  for  more  prolonged  periods  (30,  40,  58,  64). 

Short  tests  may  be  insensitive  to  sleep  loss  effects.  Intense  or  long 
tests  are  more  sensitive,  but  repetitive  situations  used  in  the  laboratory 
may  cause  exaggerated  decrements  secondary  to  monotony.  True  operational 
situations  are  usually  much  more  complex  than  laboratory  testing.  The  inter¬ 
actions  of  sleep  deprivation  with  other  environmental  or  situational 
stressors  is  poorly  understood  (41).  DCIEM's  research  program  was  designed 
to  address  some  of  the  above  limitations  and  to  determine  performance  limits 
and  biological  changes  with  sleep  loss  in  command  and  control  (C2) 
personnel. 

Experimental  Environment 

The  DCIEM  research  environment  provides  a  continuous  high-demand  battery 
of  sensitive  cognitive  measures  of  meaningful  C2  type  performance.  The 
laboratory  is  self-contained  and  can  accommodate  personnel  for  extended 
periods.  Subjects  work  in  individual  test  rooms.  Closed-circuit  television 
is  used  to  monitor  the  subjects  from  the  experimenters'  ccntrol  area,  and 
slave  monitors  display  the  information  on  each  subject's  terminal  screen. 
Continuous  EEG,  ECG,  and  other  physiological  responses  are  recorded  on 
ambulatory  cassette  recorders.  A  computer  presents  the  stimuli,  collects 
the  responses,  and  stores  the  data. 
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Sxperiaental  Design  and  Tasks 

Both  male  and  female  university  students  have  been  used  as  subjects. 
Military  subjects  have  included  young  enlisted  men,  young  officers,  and 
older  (35-40  years)  commissioned  and  noncommissioned  officers.  On  day  1  of 
a  typical  five  day  experiment,  subjects  are  briefed  on  the  scenario  and  the 
military  concepts  and  terminology  are  explained.  Subjects  are  trained 
extensively  on  all  tasks.  In  the  evening  they  relax,  are  prepared  for 
physiological  recordlitgs,  and  are  allowed  to  sleep  for  8  hours.  They  are 
awakened  between  0600h-0800h  the  next  day,  and  the  scenario  begins  approxi¬ 
mately  an  hour  later. 

This  scenario  simulates  a  brigade  level  command-post  in  which  subjects 
assume  the  role  of  duty  operations  officers  who  monitor  a  communications 
network,  update  tactical  maps,  read  messages,  and  answer  questions.  The 
messages  require  subjects  to  decode  the  resource  state  and  identify  the 
locations  of  various  units  (using  the  map  grid  references),  describe  the 
units'  activities  (current  or  intended),  select  the  most  appropriate  unit 
for  specific  tasks,  calculate  equipment  resources,  and  estimate  travel 
distances  and  times  of  arrival.  Most  questions  require  short  phrases  to  be 
typed  on  computer  keyboards.  Some  require  the  scenario  map  to  be  up-dated. 
Others  request  that  summaries  be  hand-written  and  manually  filed.  Previ¬ 
ously  processed  messages  cannot  be  retrieved  from  the  computer,  so  the 
manually  filed  information  is  necessary  for  answering  questions  in  later 
messages. 

A  variety  of  short  cognitive  tests  which  have  been  found  to  be  as  sensi¬ 
tive  to  sleep  loss  effects  as  longer  duration  casks  (36)  are  incorporated 
into  these  experiments,  including:  a  variant  of  the  four-choice  Serial 
Reaction  Time  task  described  by  Wilkinson  and  Houghton  (96);  an  Encoding/ 
Decode  task  similar  to  that  reported  by  Haslam  (34);  a  Continuous  Subtrac¬ 
tion  task  adapted  from  Cook,  Cohen,  and  Orne  (15);  and  a  Logical  Reasoning 
task  devised  by  Baddeley  (7).  Some  of  these  tasxs  were  slightly  adapted  for 
the  military  scenario.  The  following  self-report  measures  are  also  collec¬ 
ted:  the  Stanford  Sleepiness  Scale  (37);  the  School  of  Aerospace  Medicine 
(SAM)  Subjective  Fatigue  Checklist  (29);  and  the  NHRC  Mood  Scale  (42).  More 
detailed  information  about  tasks  and  comparisons  with  results  from  other 
studies  are  given  elsewhere  (4,  5,  6,  35,  36). 
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After  64  hours  of  performing  these  tasks  with  sleep  deprivation,  the 
subjects  have  an  8  hour  recovery  sleep  (during  the  same  hours  as  the  base¬ 
line  sleep).  The  next  morning  there  is  6  hours  of  testing  to  determine 
degree  of  recovery. 

The  experiments  follow  a  general  design  in  which  several  6  hour  blocks 
of  identical  cognitive  tasks  are  presented.  Only  the  content  of  the 
military  messages  changes.  Figure  1  illustrates  the  design  of  a  study 
investigating  the  effects  of  a  nap  between  2200h-2400h,  after  40  hours  of 
sleep  loss.  Figure  2  shows  the  activities  within  the  eleven  task  blocks. 
In  this  experiment  there  were  three  2-hour  work  sessions  per  block  separated 
by  15  minute  breaks,  except  in  block  7  where  a  nap  was  substituted  for  the 
second  work  session.  The  experimental  tasks  range  in  duration  from  5-15 
minutes.  A  15-ainute  "Scales  and  Battery"  package,  including  the  previously 
described  cognitive  tasks,  occurs  at  the  beginning  of  each  hour  during  a 
work  session. 
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Figure  1:  Outline  of  design  for  an  experiment  investigating  the  effects  of  a 
2-hour  nap  between  2200h-2400h. 
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Figure  2:  Experimental  activities  and  their  temporal  occurrence  during  a 
typical  6-hour  task  block. 

Experimental  Results 

DCIEM  studies  have  found  greater  decrements  in  performance  following 
sleep  loss  combined  with  intensive  mental  work  than  previous  studies  with 
less  emphasis  on  cognitive  demands.  Decrements  of  greater  than  30!C  occurred 
following  18  hours  on  duty,  with  unacceptable  performance  (greater  than  60% 
decrements)  occurring  by  42  hours.  Physical  fitness  level  appeared  to  be 
unrelated  to  degree  of  degradation  in  cognitive  function.  Exercising  one- 
third  of  the  time  at  approximately  3531  of  maximal  oxygen  uptake  level  did 
not  affect  cognitive  functioning  nor  did  the  injection  of  brief  (30  min) 
periods  of  strenuous  exercise.  Reducing  the  cognitive  workload  during  the 
day  did  not  alter  the  performance  impairment  during  the  subsequent  night. 

Previous  continuous  work  experiments  had  shown  that  performance  was 
reduced  to  less  than  40X  of  baseline  following  a  second  night  of  sleep  loss. 
In  the  study  outlined  in  Figure  1,  subjects  worked  continuously  for  40  hours 
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and  then  received  a  2  hour  nap  (2200h-0001h)  prior  to  the  expected  decline 
in  pcrfornirnce.  Subjects  did  not  expect  the  nep  end  vere  not  informed  whet 
its  duretion  would  be.  Figure  3  shows  perforeence  scores  obtained  on  a 
Serial  Reaction  Tine  task  during  the  6  hours  before  and  4  hours  following 
the  2  hour  nap.  The  worst  perfornance  occurred  innediately  after  awakening 


SERIAL  REACTION  TIME 


TIME 


Figure  3:  Mean  number  of  correct  responses  on  a  2-minute  Serial  Reaction 
Time  task.  Data  were  collected  "After  Rest"  breaks  at  three 

places  prior  to  a  nap,  immediately  following  the  nap  and  following 
the  next  two  rest  breaks.  The  nap  occurred  after  40  hours  of 
sleep  loss  between  2200h-2400h. 

from  the  nap  (sleep  inertia).  Performance  recovered  up  to  the  level 
observed  after  one  night  of  sleep  deprivation,  2-4  hours  after  the  nap. 
That  is,  the  2  hour  midnight  nap  was  able  to  maintain  performance  during  the 
second  night  without  sleep  at  the  pre-midnight  level  but  was  not  long  enough 
to  return  subjects  to  baseline  level.  These  results  are  typical  of  most  of 
the  tasks  studied. 


A  study  sinilar  to  the  one  Just  discussed  explored  the  recuperative 
power  of  a  2  hour  nap>  the  ability  to  revive  already  degraded  perfornance. 
In  this  study  the  nap  (again  unexpected)  was  placed  at  the  trough  (OAOOh- 
0600h)  of  the  circadian  cycle  after  about  46  hours  of  wakefulness,  several 
hours  after  the  usual  large  decline  in  performance  observed  during  the 
second  night  of  sleep  loss.  Figure  4  shows  the  results  from  a  logical 
rea^ur.ing  task.  Again,  task  performance  was  worst  just  after  awakening  and 
subsequently  improved  to  the  level  present  prior  to  the  second  night  of 
sleep  loss. 


LOGICAL  REASONING  TASK 


Figure  4:  Number  of  correct  responses  on  a  2-minute  Logical  Reasoning  task 
given  every  hour.  The  results  are  divided  into  trials  occurring 
after  a  15-minute  break  bad  trials  occurring  1-hour  into  a  2-hour 
work  session. 

(Gray  bands  signify  night).  Note  the  nap  between  0400h-0600h 
(after  46  hours  of  wakefulness)  and  its  recuperative  effect  on 
performance. 
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10  MIN  LOGICAL  REASONING  TASK 


Figure  5:  Number  of  correct  responses  on  a  10-nlnute  Logical  Reasoning  task 
given  onc^  every  6  hours  during  a  60-hour  sleep  deprivation 
experiment. 

A  nap  occurred  between  0400h-0600h  after  46  hours  of  wakeful¬ 
ness. 

Sleep  inertia  can  be  aissed  if  perforaance  is  not  tested  soon  after  a 
nap.  The  Logical  Reasoning  scores  just  discussed  show  iaproveaents  well 
within  one  hour.  Figure  5  shows  the  same  data  as  it  would  appear  with 

infrequent  testing  or  with  an  analysis  which  averages  the  data  over  a  large 

time  interval.  The  relevance  of  sleep  inertia  depends  on  operational 
characteristics.  Infantry  personnel  generally  have  a  long  enough  period 
after  waRing  to  shake  off  sleep  inertia,  particularly  if  they  use  the  simple 
effective  means  suggested  Vy  Labuc  (45,  46,  47)  for  removing  sleep  inertia. 
In  c'jntras*^,  r.?.  personnel,  dozing  in  their  workplace,  might  be  awakened  and 

required  to  work  imnediately  while  still  in  a  state  of  sleep  inertia. 

DCIIM  experiments  found  similar  degrees  of  sleep  inertia  occurred  after 
a  midnight  nap  as  following  an  early  morning  nap,  evidence  against  sleep 
inertia  being  circadian  controlled.  EEG  observations  (see  Figure  6) 


LOGICRL  RERSONiNG  RND  EEC  DROUISINESS 


PiguL'e  6:  Logical  Reasoning  task  results  plotted  against  an  index  of  EEG 

drowsiness.  Data  for  the  BEG  drowsiness  index  were  collected 

during  4-ninute  eyes  closed  relaxation  periods  given  every  hour  during  the 

waking  portions  of  the  experieent. 

« 

The  index  calculated  as  follows:  period  analysis  was  used  to  quantify 
(bipolar  C3-01)  EEG  recorded  during  each  4-minute  period.  Each  period  was 
divided  into  twenty-four  10-second  epochs  on  which  power  estimates  were 
calculated  for  delta  (.5-4  Hz),  theta  (4-8  Hz),  alpha  (8-12  Hz),  sigma  (12- 
16  Hz),  and  beta  (16-40  Hz).  For  each  4  minute  period  mean  values  were 
obtained  for  each  bandwidth  by  collapsing  across  the  24  epochs.  A  drowsi¬ 
ness  index  was  calculated  as  follows:  (AP-TP-DP)/(APjj-TPjj-DPjj)  where  AP,  TP 
and  DP  are  mean  alpha,  theta  and  delta  power.  Baseline  values  were  calcula¬ 
ted  by  averaging  the  EEG  for  each  bandwidth  for  the  first  four  relaxation 
periods  in  the  experiment  when  the  subjects  were  fresh  and  produced  maximal 
alpha.  It  can  be  seen  from  the  above  equation  that  subjects  who  are  very 
low  alpha  generators  may  yield  a  negative  denominator  and  thus  produce  a 
different  scale.  For  these  individuals  a  corrected  equation  is  used:  (AP- 
TP-DP)/(APj^-TPjj-DPjj)  x-1  +  2.  Values  from  the  resulting  drowsiness  scale 
will  vary  from  approximately  1  to  a  larger  minus  number,  depending  upon  the 
depth  of  slow  wave  sleep  (see  Pigeau,  Heslegrave  and  Angus,  in  press). 
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revealed  that  the  periods  of  sleep  inertia  were  characterised  by  stage 
1  '.ike  EBGs  (see  also  Pigeau,  Heslegrave  and  Angus  (71)). 

3.2  Naval  Health  Research  Center  NHRC  Research 

■ackgroMnd 

Horgan  and  Coates  (S9)  raised  the  question  of  whether  perfornance  vas 
influenced  by  the  starting  tiae  fBorning*  afternoon,  or  late  evening)  of 
sustained  operations  (SUSOPS).  Their  subjects  started  prolonged  work 
periods  at  06(X)h,  lAOOh,  or  2200h.  Performance  remained  near  lOOX  of  the 
baseline  level  for  35  hours  if  the  continuous  work  episode  started  at  lAOOh. 
Perfornance  declined  significantly  when  the  work  period  started  at  0600h, 
particularly  during  OAOOh-OROUt,  presumably  due  to  interaction  of  the 
circadian  lov  with  prolonged  time  on  the  Job.  Perfornance  deteriorated 
precipitously  starting  at  2000h  of  the  second  day  in  the  group  starting  at 
2200ht  vith  the  lowest  level  of  perfornance  between  0AOOh-O60Oh.  These 
findings  are  inportant  for  military  planners  since  military  alssions  can 
involve  continuous  work  periods  starting  at  any  time  of  day. 

Ixperimental  Bnvlronment 

The  NHRC  laboratory  is  contained  in  a  barracks  and  can  accommodate  two 
subjects.  It  has  an  BEG,  BCG,  and  other  physiological  equipment  in  addition 
to  a  treadaill  to  allow  "valking  at  various  speeds  and  grades.  The  protocols 
provide  continuous  high  physical  and  cognitive  demands.  They  simulate  a  U. 
S.  Marine  Corps  reconnaissance  operation,  where  the  primary  purpose  is 
to  walk  stealthily  through  rugged  terrain,  searching,  locating,  and  destroy¬ 
ing  enemy  sites.  Bach  Narine  carries  Halted  supplies  on  his  person.  A 
realistic  account  of  Force  Reconnaissance  Units  is  given  by  F.  J.  Vest  (90, 
pp.  63-73). 

Experimental  Design  and  Tasks 

During  the  1979-1986  period,  NHRC  conducted  a  series  of  seven  5  day 
SUSOPS  studies.  In  studies  1,  5,  and  6,  listed  in  Tables  1  and  2,  they 
attempted  to  replicate  the  findings  of  Morgan  and  Coates  and  to  investigate 
the  effects  of  exercise  and  circadian  nap  timing.  In  study  1  sohjects  took 
a  3  hour  morning  nap  (OAOOh  to  0700h);  in  study  5,  a  3  hour  midnight  nap 
(2000h  to  2300h);  and,  in  study  6  a  3  hour  noon  nap  (0900h  to  1200h). 
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TABLE  1.  EXPEnMENTAL  VARIABLES 


MISSION  STARTUP  TIME 


EisidMtE)* 

Conbui(C) 

01  AM 

noon 

Ohr 

m 

STUDY  S 
STUDY4 
STUOY2 
STU0Y4 

XX 

LENGTH 

OF 

Shra 

E(30K) 

C 

STUOY1 

STUOY1 

SUDYS 
STUDY 0 

STUDY 6 
STUDY  e 

NAP 

4hit 

1(40%) 

C 

STUOY3 
STUDY 3 

XX 

XX 

Shis 

c 

STUDY? 

XX 

XX 

*  •  Fliy«leal  Ml  10  b*  ■)  %  MAX  0| . 

XX  ■  No  oiuOy  comipondMg  lo  INo  toX  wot  eondiKM  Xm  It  Him  ctraHtini. 
TNt  chuMr  It  eoMtmtX  oMi  «it  <«■  bom  StuXlw  I,  S  toX  i. 


TABIE  2.  DATA  COaECTlON  SCHEDULE 


Study  1  -  Momlns  (08-22)*  (23-07)  (O0-22)*  (23-07)*  (08-03)*  (04^)7)*  (08-03)*  (04-12) 

Study 6. Noon  (08-12)*  1(134)3)*  (04-12)*  (13-08)*  (09-12)  (13-08)*  (11-19) 

Study  5.  Midnight  (08-19)*  (20-04)*  joS-U)*  (15-23)*  (00-19)*  (20-23)*  (00-19)*  (204)4) 

*  TIrw  noBded  to  go  from  ont  phtso  to  tho  next  phaso 
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On  Day  1  of  study  1  (Morning  nap)  tha  voluntter  Marinas  vara  givan 
axarcisa  lasts  to  datarnina  aaxinal  oxygan  consuaption  (V02aax).  During  tha 
ramaindar  of  Day  1»  tha  subjacts  vara  trainad  in  taking  a  psychological 
assassaant  battary  davalopad  at  NHRC  (HHRC-PAB).  This  includas  various 
tasts  sansitiva  to  slaap  loss  and  fatiguat  (1)  a  8iHpla»  unpraparad  raaction 
tina  task  sodalad  aftar  Lispar  and  Kjallbarg  (SI);  (2)  an  alpha-nuaaric 
visual  vigilance  task;  (3)  a  four-choica  sarial  raaction  tina  task  as 
describad  by  Wilkinson  and  Houghton  (96);  (4)  a  logical  raasoning  task  (7); 
(5)  an  auditory  vord  aaaory  tast  (99*  2);  And  (6)  a  kay-tapping  task  as 
describad  in  Triadnann  at  al.  (22).  NRRC*PAB  also  aaasuras  subjective 
ratings  of  noods,  fatigue,  and  physical  exertion  vith  NHRC  Hood  Question¬ 
naire  (42),  tha  School  of  Aerospace  Medicine  (SAM)  subjective  fatigue 
checklist  (29),  and  Rating  of  Perceived  Exertion  (11). 

Baseline  data  vas  collected  on  Day  2,  and  tha  axpariaant  began  at  OHOOh 
on  Day  3.  One  nenber  of  each  pair  of  subjacts  vas  randomly  assigned  to  an 
exercise  group  and  tha  other  to  a  non-axarcisa  group.  During  the  first  half 
hour  of  each  hourly  session,  tha  axarcisa  subjacts  parfomad  tha  visual 
vigilance  task  vhile  valking  on  tha  traadnill  at  a  spaed  vhich  kept  oxygan 
consuaption  at  about  30X  of  VOjMax.  Non-axarcisa  subjacts  parfomad  tha 
same  visual  vigilance  test  vhile  seated  in  front  of  a  CRT  Monitor. 

The  first  20  hour  continuous  vork  episode  (CVl)  ended  at  0400h  of  day  4, 
vhen  a  3  hour  nap  vas  allovad.  Subjacts  vara  avakanad  at  0700,  givan  break¬ 
fast,  and  started  on  the  second  20  hour  continuous  vork  period  (CV2)  at 
0800.  CV2  ended  at  0300h  of  day  S.  Subjacts  vara  given  dinner  and  than 
alloved  to  sleep  for  8  hours  (0400-1200h).  Tha  top  line  of  Table  2  shovs 
the  data  collection  schedule. 

The  data  collection  protocol  of  study  S  (nidnight  nap)  vas  identical  to 
study  1,  except  that  the  vork  schedule  vas  shifted  to  start  at  nidnight  (sea 
the  third  line  of  Table  2).  The  data  collection  protocol  for  study  6  vas 
also  similar  (see  second  line  of  Table  2).  Here  the  schedule  vas  shifted  to 
start  at  1300h  by  having  the  subjects  vork  continuously  from  early  morning 
day  1  until  0300h  day  2,  folloved  by  an  8  hour  sleep  (0400h-1200h) . 

Bxparinental  Results 

Table  3  shovs  the  results  of  studies  1,  5  and  6.  Exercising  dramatical¬ 
ly  increased  the  degrading  effects  of  20  hours  of  prolonged  vork.  Looking 
at  the  lOX  slovest  simple  unprepared  reaction  tines  in  each  session,  there 
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TABLE  3.  RELATIVE  RECUPEERATIVE  POWER  OP  NAP  IN  THREE  GROUPS  CP  ’EXP'^CISE*  SUBJECTS 
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were  no  between  nap  group  differences  during  the  early  sessions  of  CW2, 
suggesting  that  all  naps  were  Inneficial-  However,  during  the  last  4 
sessions  of  CV2,  the  reaction  times  of  the  noon  nap  group  slowed  much  more 
than  those  of  the  other  groups.  Similar  results  were  found  for  the  lOX 
slowest  reaction  times  and  the  percent  correct  responses  in  the  Four-Choice 
task.  In  contrast,  the  morning  group  got  a  lower  percent  correct  detection 
in  comparison  with  the  noon  and  midnight  nap  groups  on  the  alpha-numeric, 
visual  vigilance  task.  They  also  shoved  the  !<ovest  percent-correct  recall 
in  the  word  memory  test  during  CV2. 

The  NHRC  positive  mood  scale  results,  tapping  task  performance,  and 
ratings  of  perceived  exertion  during  exercise  were  not  affected  by  the  time 
of  napping.  However,  the  subjects  in  the  noon  group  had  the  greatest 
increase  in  the  NHRC  negative  scale  scores  near  the  end  of  CV2  and  the 
highest  SAH  fatigue  scale  scores  near  the  end  of  both  CVl  and  Ctf2. 

In  general,  all  nap  times  shoved  similar  benefit  soon  after  the  first 
night  of  sleep  deprivation,  but  the  noon  nap  group  shoved  more  deterioratio.. 
of  mood  and  perfornuince  toward  the  end  of  the  second  day,  even  though  the 
results  of  sleep  stage  analysis  shoved  that  the  subjects  in  the  noon  group 
slept  normally  and  had  sleep  efficiency  similar  to  the  other  groups.  The 
last  periods  of  CVl  and  CV2  for  the  noon  group  fell  during  the  circadian 
trough  period  (OAOOn-  0700h).  As  noted,  this  group  had  higher  SAM  fatigue 
scores  even  at  the  end  of  CVl  before  the  nap.  Indicating  there  were  effects 
from  the  jet  lag  like  shift  in  their  work  schedule.  This  group's  degrada¬ 
tion  in  task  performance  at  the  end  of  CV2  may  be  secondary  to  direct 
circadian  effects  or  to  an  interaction  of  these  effects  with  time-on-the-job 
and  circadian  timing  of  the  nap. 

4.0  CONCLUSION;  IMPLICATIONS  AND  FUTURE  NEEDED  RESEARCH 

Ve  have  reviewed  studies  which  have  shown  that  subjects  (regardless  of 
their  usual  sleep  duration)  need  4  to  5  hours  of  sleep  per  night  to  maintain 
pei vormance  level.  Naps  taken  during  prolonged  work  periods  can  prevent  or 
reduce  sleep  decrements  in  mood  and  performance  and  can  recuperate  subjects 
from  such  decrements  after  they  have  occurred.  The  length  of  nap  required 
depends  on  the  duration  of  sleep  loss  Involved  and  type  of  task  to  be  done. 

Shortening  sleep  periods  can  reduce  sleep  efficiency  and  change  the 
proportions  of  various  sleep  stages.  Fragmentation  of  nocturnal  sleep  can 
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produce  behavior  impairment.  However,  subjects  can  adapt  to  markedly 
abnormal  sleep/vake  cycles,  and  A  to  10  minute  durations  of  sleep  periods 
appear  to  be  sufficient  for  maintaining  a  fairly  normal  sleep  stage  distri¬ 
bution.  Sleep  fragmented  into  two  2  hour  naps  has  sometimes  been  found  as 
beneficial  as  one  A  hour  nap. 

In  prolonged  military  operations,  opportunities  for  uninterrupted  sleep 
do  not  exist.  The  only  alternative  to  napping  is  prolonged  wakefulness. 
Polyphasic  sleep,  with  frequent  naps  rather  than  a  single  sleep  period  per 
24  hours,  is  natural  for  both  the  very  young  and  for  the  aged.  It  is  not 
practiced  by  most  adults,  perhaps  because  of  societal  demands.  Possibly  a 
polyphasic  sleep  schedule  could  be  developed  which  would  reduce  circadian 
troughs  in  performance  and  mood  during  prolonged  work  periods. 

One  minute  nocturnal  naps  do  not  refresh  subjects,  even  though  they 
sleep  4.5  hours  per  night.  Performance  following  two  nights  of  such 
ultrashort  sleep  is  no  better  than  with  no  sleep  at  all.  The  duration  of 
ultrashort  sleep  required  for  recuperative  effects  needs  to  be  determined. 
Such  study  may  help  elucidate  the  endocrinological  and  physiological  factors 
involved  in  the  recuperative  effects  of  sleep.  Research  on  ultrashort  sleep 
currently  is  being  conducted  by  Broughton  in  collaboration  with  Stampl.  Ve 
are  planning  laboratory-based  studies  on  ultrashort  sleep  to  determine  how 
short  sleep  can  be  before  it  ceases  to  be  beneficial,  and  how  efficient 
ultrashort  sleep  is  in  maintaining  reviving  performance. 

Ve  have  warned  that  napping  is  a  double-edged  sword;  its  beneficial 
effects  must  be  balanced  against  the  negative  effects  of  sleep  inertia. 
DCIEN  studies  documented  significant  sleep  inertia  effects  on  performance 
shortly  after  awakening  from  both  noon  and  early  morning  naps.  These 
effects  are  transient  but  can  be  important  in  some  operational  situations. 
For  example,  if  sleep  inertia  of  10  minutes  or  longer  is  expected  to  occur, 
then  fighter  pilots  must  not  be  allowed  to  doze  off  in  the  cockpit  of  a  Jet 
below  a  carrier  deck  during  yellow  alert  states  while  awaiting  a  possible 
red  alert. 

Sleep  inertia  was  previously  vaguely  defined  as  a  lowered  psychological 
state  following  sudden  awakening.  DCIEM  EEC  data  suggests  that  sleep 
inertia  resembles  stage  1  sleep,  that  subjects  look  awake,  but  physiologi¬ 
cally  are  not  fully  awake.  These  studies  indicate  the  value  of  polygraphic 
monitoring  of  subjects  throughout  behavioral  sessions. 
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It  is  impossible  to  be  certain  from  current  knowledge,  Including  the 
DCIEM  and  NHRC  studies,  whether  there  is  a  time-o£-day  influence  on  the 
beneficial  effects  of  naps.  Is  It  always  true  that  "some  sleep  is  better 
than  no  sleep  at  all"  and  "the  longer  the  sleep  the  greater  the  increase  in 
alertness"  (32,  34)?  Results  have  been  inconsistent,  possibly  because  of 
interaction  with  or  masking  from  direct  circadian  effects  on  performance  or 
on  sleep  inertia.  Sleep  Inertia  severity  might  relate  to  many  factors 
including  prior  hours  of  wakefulness,  duration  of  nap,  and  the  time-of-day 
the  nap  is  taken.  The  effects  of  exercise  are  also  unclear.  The  NHRC 
studies  found  that  including  exercise  in  the  prolonged  work  periods 
increased  performance  deterioration,  while  studies  at  DCIEH  found  no 
exercise  effects. 

So,  performance  under  prolonged  work  demands  may  be  affected  by  many 
factors  in  addition  to  sleep  loss  Including  the  factors  discussed  by  Webb 
(84)  (see  section  2)  as  well  as  boredom,  sleep  stages,  sleep  inertia,  and 
physical  exertion.  Because  of  these  possible  complex  interactions  more  data 
are  required  before  a  behavioral  model  can  be  developed  to  predict  the 
utility  of  napping.  Currently  all  these  factors  must  be  considered  when 
designing  schedules  for  improving  performance  through  napping  strategies. 
However,  if  the  studies^  results  can  be  confirmed  which  have  suggested  that 
specific  proportions  of  sleep  stage  activity  are  net  needed  to  guarantee 
recuperative  effects,  and  that  there  is  no  circadian  component  to  sleep 
inertia  or  to  the  recuperative  effects  of  naps,  sleep  management  would  be 
much  simpler. 
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